Data

Study area
A basic assumption underlying the hedonic regression approach is that the valuations of environmental products are homogeneous in the study area. Therefore, the scope of the study area should be appropriately confined; otherwise, it is possible for the estimates to be affected by the differentiation of submarkets. Accordingly, the study area is limited to the Asian Sports Village and Olympic areas in Beijing (the shaded areas in Fig. 1 ). Beijing has a typical mono-centric structure. There are five ring roads around the Forbidden City and several radical highways that form the main framework of the developed areas. The study area lies across the northern Fourth and Fifth Ring Roads, occupying about 25 km 2 . It is next to highways in the east and west, and borders a river in the north and an arterial road in the south. The area is located around the Asian Sports Village (built for the 1992 Asian Olympic Games), the Olympic Green Center, and National Forest Park (constructed for the 2008 Olympic Games). There are a variety of residential compounds in this area, e.g., old neighborhoods built in the 1970s and 1980s, large communities constructed in the early 1990s, and new commercial housing blocks developed since 2000.
Site survey of residential blocks
We randomly chose 63 residential blocks and conducted a site survey, focusing on their environmental design and management situations. The characteristics of the blocks were captured from five perspectives: 'building design', 'planning', 'management', 'community', and 'surrounding relationship'. The survey involves 39 indices with scores of '+1', '0', and '-1'. Table 1 lists the content of the survey and the standard of scoring. The survey was conducted in May, 2007 . To ensure objectivity in the survey, a detailed manual was prepared, with concrete descriptions of the scoring standard and sample pictures for reference. In addition, the property fee levels of each residential block were investigated. 
Critical determinants of environmental management
Factor analysis
Among the data obtained from the site survey, the scores between different indices and those between different levels of the same index are not linear. In addition, many indices are correlated. To obtain the critical factors of environmental management, the 39 indices have to be summarized. With the method of factor analysis, seven principal components with eigenvalues above 1 were composed, accounting for 78% of the variance of the 39 indices. After rotating the eigenvector matrix, seven factors were drawn (Table 2 ). According to their correlations with the original indices, we defined them as: (1) planning and design; (2) contextual fit; (3) property management; (4) conformity of urban design; (5) completeness of facilities; (6) surrounding influence; and (7) mixture of composition.
Classification of residential blocks by environmental type
The scores of each residential block were computed on the seven dimensions. Then, a cluster analysis was conducted with the factor scores. As a result, the 63 residential blocks were classified into 6 types. Their respective features are shown in Table 3 . The average levels of property management fees were also given. It was found that the property management fee of type 1 is the lowest (1.05RMB/m 2 per month), followed by types 3, 2, 5, 4. The average fee of the 6th type is the highest (3.74RMB/m 2 per month). Quality of environmental management is correlated to property management fees: the fees are higher in residential blocks with better environments. Table 3 . Types of residential blocks with environmental characteristics
Economic values of environmental management
A hedonic approach
Many studies have focused on the economic value of residential environments, defined as the willingness of residents to pay for the improvement of their residential environments. In practice, this is often examined using a contingent valuation approach (Willis & Garrod, 1993; Tyrvainen & Vaananen, 1998) or by identifying the implicit prices of environments using a hedonic regression approach (McLeod, 1984; Tyrvainen, 1997; Geoghegan, 1997; Tyrvainen & Miettinen, 2000) . Here, a hedonic approach is adopted to examine the impact of residential environments on housing prices. By assumption, the quality of residential environments may affect the prices of houses. In a well-functioning market, this effect is fully capitalized in market prices. Utility-maximizing households will purchase houses so that their willingness to pay for a marginal increase in the residential environment equals its marginal price, i.e. its hedonic price. In equilibrium, the hedonic price can be interpreted as the willingness of a household to pay for the residential environment (Cheshire and Mills, 1999; Boardman et al., 2001 ).
Therefore, the marginal effect of residential environments can be obtained by regression on the market prices of housing, which implies the benefit and cost to households.
Variable of environmental management
The categorical variable of environmental management type of residential blocks shown in Table 3 was used as the indicator of environmental management. Although the factor scores of the residential blocks constitute a more straightforward indicator of environmental quality, they are constrained by property management fees. In order to maximize their utility, households will choose an equilibrium point between satisfactory environmental management and an appropriate property management fee. Because the variable of environmental management type already takes the property management fee into account, it is more suitable for the hedonic regression analysis.
Hedonic housing price model
In practice, the supply of new commercial housing is less than the demand. To avoid sample bias caused by an incomplete market, the previously-owned housing market was taken as the sample. Through Beijing Housing Information Network, a search for previously-owned housing for sale within the 63 residential blocks in May 2006 yielded 460 matches. After confirming the lowest prices and concrete conditions of each listing with real estate agencies by phone, a final sample of 279 valid items was obtained. The data included price (provided by real estate agencies), housing size, room type, building type, direction (the direction of main rooms), building age, interior finishing level, floors, etc. Detailed information on the location and land use of the residential blocks was collected from urban real estate statistics and GIS data, including the floor-to-area ratio, green coverage ratio, household density, and the distance to the nearest subway station, school, hospital, and to the boundary of Olympic facilities (including Asian Sports Village, Olympic Green Center, and National Forest Park). 
where P/indoorS is the indoor size-based unit price of apartments, a 0 is a constant term, x i (for i=1 to m) indicates the i-th attribute, a i is the coefficient to be estimated, and ε is an error term. For the clarity of interpretation, the specification of the simple linear form was preferred and it was proven to be satisfactory compared with other forms, such as the logarithm model and semi-logarithm model. Table 4 gives the results of the stepwise regression. To improve the model, the assumptions of independent variables were carefully studied, and some of the variables were transformed. For example, building age was transformed to ln(building age), assuming that its effect on the unit price decreases as the buildings age. To capture the non-linear effect on the unit prices, the variables housing size, building scale, and household density were transformed to categorical forms. The coefficient of 1/indoorS reveals the costs of kitchen and toilet facilities, which are stable regardless of house size. Housing size S was transformed to discrete variables in order to identify the nonlinear effect of housing size on unit price. The model in Table 4 has 12 independent variables, all being significant. They accounted for 62.9% of the total variance of housing prices. Multi-collinearity tests showed that the 12 variables had no strong correlations. Regression tests that randomly neglected different variables demonstrated that the estimates and significance levels of the remaining variables were stable. These tests implied that the estimates of Table 4 were accurate. The coefficients of the 12 variables give the marginal prices of each variable. Significant structural attributes of housing price include building type, direction, and ln(building age). The effects of location variables on housing prices were strong, including distance to school, distance to subway station, and distance to Olympic park. green coverage ratio had a positive effect on housing prices. In addition, the negative coefficients of building scale and household density revealed the cost of dwelling density. An important finding is that environmental management had a significant effect on prices. Among the six types, type 4 was valued the highest (867 RMB/m 2 above average), followed by types 2 and 5 (both 195 RMB/m 2 above average). In contrast, the values of types 1, 3, and 6 were much lower (531 RMB/m 2 below average). Looking at Table 3 , the results can be interpreted. Blocks belonging to type 4 were developed in recent years with up-to-date concepts of environmental design and management; Types 2 and 5 were built earlier but were maintained well through good management. Blocks belonging to types 1 and 3 were unfavorable due to management deficiencies. Type 6 blocks had superior environments, but residents' willingness-to-pay was low because the property management fees were excessively high. This fact suggests that high environmental quality of residential blocks is desirable only if the management fee is reasonable. Table 2 reveals that the principal factors of residential environments in residential blocks are: (1) planning and design; (2) contextual fit; (3) property management; (4) conformity of urban design; (5) completeness of facilities; (6) surrounding influences; and (7) mixture of composition. Planning and design, contextual fit, and property management are the most important factors of environmental quality. The important indices related to the planning and design of residential buildings are: Architectural style; Exterior; Ground plane design; Barrier-free design of buildings; Garden; Detail; Partitions and walls; and Instructions and signs. In a sense, these are the comprehensive planning and design concepts of modern residential blocks. In practice, these planning and design factors have often been neglected in older traditional residential blocks, leading to low environmental quality. In contrast, commercial housing developments from the late 1990s have emphasized these aspects. Contextual fit is another important factor for judging the quality of residential environments. It reflects the problems associated with a lack of consideration of residential areas in their entirety, their non-proximity to and lack of correspondence with neighboring blocks, and a large contrast in landscapes and environmental grades. In practice, there are many newly developed residential blocks which are completely closed off from one another. Due to the need for these residential compounds to have individualized identities, the context of the area as a whole is totally neglected. At the same time, new urban poverty areas are being formed because of the environmental deterioration of old neighborhoods. These issues must be addressed in the environmental management of urban areas. The role of property management is important in residential blocks. Specifically, the key factors are: Regulations on incompatible land use; Management of car parking and peddlers; Maintenance of public facilities; and Control of informal buildings. Enhancing management of the above aspects will effectively improve the environments of residential compounds.
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Discussion of the results
Critical factors of residential environments
Incentives of environmental management
The marginal prices of environmental management obtained from the linear regression model revealed the benefits of environmental management. According to Table 3 , the values of the same kinds of houses can differ by up to 1359 RMB/m 2 (852+507) due to differences in environmental management alone. It is highly valuable to know that appropriate environmental management can significantly increase the economic values of existing residential blocks. Residential blocks of environmental management types 1, 3, 2, and 5 might also enjoy this benefit by improving landscape design, maintaining greenery, providing suitable facilities, and improving sanitation, parking, and security in the compounds. These kinds of improvements are highly feasible for existing residential blocks. The clarification of the benefits generates the incentives for existing areas to adopt an effective environmental management system. The result that the values of environmental management types 1, 3, and 6 are significantly lower than the values of other types is also noteworthy. A common feature of these blocks is that their environmental qualities are quite different from the surrounding areas: Types 1 and 3 are worse than the surrounding areas, while Type 6 is much better. The regression results imply that non-conforming landscapes and environments may reduce the value of residential blocks; that is, landscape and environmental gaps have a negative external effect on urban environments. Therefore, it is necessary to promote holistic urban planning and design.
Appropriate levels of property management fees
The variable of environmental management type was used with the hedonic regression model instead of the absolute quality of environments because the latter is constrained by property management fees. This strategy was proven to be correct by the regression results. In fact, the marginal price of residential blocks of environmental management type 6, where the environmental quality is the best and the property management fee is the highest, was 507RMB/m 2 lower than the average level. A satisfactory residential block should not only have effective environmental management; its level of property management fees should also be reasonable. As shown in Table 3 , the property management fees in residential blocks with environmental management types 2, 4, and 5 (where the benefits are higher than the average level) are 1.44 RMB/m 2 , 2.38 RMB/m 2 , and 1.95 RMB/m 2 per month, respectively. In the current market, it appears that the preferential level of property management fees should be 1.5-2.5 RMB/m 2 per month.
Conclusions
This chapter has explored the critical factors in the environmental management of urban residential areas and clarified the incentives related to urban environmental management policies. It was determined that planning and design, contextual fit, and property management are the most critical determinants of the environmental quality of residential blocks. The level of environmental management has a significant effect on housing prices, and their marginal prices have quantified the benefits brought by the improvement of environmental management. Environmental management also involves many soft aspects which are crucial during the stages after planning and design. For existing residential areas, this point is extremely important. It suggests that it is possible to improve the values of properties by maintaining adequate levels of environmental management, thereby bringing substantial benefits to residents. In other words, environmental management provides an effective way to revitalize existing residential areas. It is therefore critically important to introduce new environmental management systems to save the older neighborhoods from dilapidation.
In the above analysis, we have also offered suggestions for promoting the contextual fit of urban areas through planning policies and guidelines for setting an appropriate standard of property management fees. Despite the fact that the study area is limited to Beijing, the main implications of this study should be applicable to many other similar urban areas, though the results of quantitative analysis may differ somewhat depending on the area.
